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Differential absorption lidar measurements in the A- 
band of molecular oxygen have been suggested 1 as a means of 
profiling atmospheric density. This paper reports progress 
towards this capability. 


Figure 1 illustrates the "troughs" in which optical 
absorption by C >2 is roughly temperature independent for 
near-ambient conditions. For measuring density (or 
pressure >^> 4 ) the "on-line" DIAL transmission is tuned to 
the appropriate trough, and the off-line laser is tuned to 
just outside the A-band. Identification of the "density 
troughs" is based on the far wing line absorption 
coefficient given by 
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where N is particle density, b°(T ) is the line profile HWHM 
at reference temperature T , pressure P = Nk T , and the 
exponent n- 0.7 for 0 ° o o 


We have carried out error analyses for this type of 
lidar and for related temperature- and pressure-measuring 
techniques that utilize the O 2 A-band. The parameters 
assumed are given in Table I. Figure 2 shows a 
representative example of the numerical simulations for a 
fixed altitude resolution of 150 meters; elevation angles of 
90°, 60 °, and 30 ° are used for time periods in the range 1-4 
min. The accuracy of these O 2 density profile measurements 
is predicted to be 0 . 3 $ or better throughout most of the 
troposphere. Standard lidar instrumentation has been 
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assumed. We have shown that tropospheric density can be 
profiled with accuracies of order 0.1-0. 5%, with good 
altitude resolution, over a useful range of atmospheric 
conditions. 

Density profiles in the atmosphere may also be measured 
- v i a Raman scattering by N 2 , but require precise knowledge of 
the optical form factor for the lidar system. This 
requirement does not apply to the two-beam 0 2 DIAL 
technique. However, DIAL does require careful monitoring of 
laser wavelength and linewidth, using spectrometer /wave- 
meter instrumentation.*^ 

Generation of tunable, narrow band, pulsed laser output 
at 760-770 nm can be done with laser— pumped dye lasers or 
with a tunable crystal laser such as Alexandrite. As part 
of a program described elsewhere at this meeting, we are 
investigating 1 the alternative of "Raman shifting" in Ho 
(Av-4100 cm ) starting with tunable dye laser output at 
585 nm. Due to a special design, the radiation bandwidth 
can be as low as 0.02 cm ' . 

Detailed results on energy and narrow linewidth at 770 
nm will be presented for both the straight dye laser and 
the Raman — sh i f ted dye laser, including high resolution scans 
of the 0 2 absorption spectrum fog comparison with 
quantitative spectroscopic data. This work is part of a 

general approach to develop a meteorological lidar system 
for measuring density, pressure, temperature, and humidity - 
all based on DIAL and the very near infrared absorption 
lines of H 2 0 and 0 2 (700-1140 nm). 

We thank K. Ritter, B. Grossmann, and S. Higdon for 
assistance in this research. 


Table I. Meteorolog ical Lidar Parameters for O2 A-band 

Tunable laser: 100 mJ pulse energy, 10Hz PRF, XX 760-770 nm 
Rcvr . area 1.0 m d \ Optical efficiency 5% (night), 2.5% (day) 
Transmitted beam divergence 0.3 mrad ; Rcvr. F0V 0.5 mrad. 



References 


1. C.L. Korb and C.Y. Weng, "A Two-Wa ve 1 ength Lidar 
Technique for the Measurement of Atmospheric Density- 
Profiles," Proc. CLEO , Phoenix, AZ (April 1982). 

2. C.L. Korb and C.Y. Weng, Appl. Optics 2_2_, 3759 ( 1 983 ). 

3. G.K. Schwemmer , C.L. Korb, M. Dombrowski and R.M. 

Kagann, "Atmospheric Pressure Profiles Measured Using an 
Alexandrite Laser Differential Absorption Lidar," Pr oc . 
OSA Topical Meeting on Optical Remote Sensing of the 
Atmosphere , Incline Village, NV (January 1985). 

4. C.L. Korb, G.K. Schwemmer, M. Dombrowski, J. Milrod, and 
H. Walden, "Airborne Lidar Measurements of the 
Atmospheric Pressure Profile with Tunable Alexandrite 
Lasers," Proc. 13th International Laser Radar Conf. , 
Toronto, Canada (August 1986). 

5. C. Cahen, J.P. Jegou, J. Pelon, P. Gildwarg, and J. 

Porteneuve, Rev. Phys. Appl. J_6_, 353, ( 1 981 ). 

6. L.J. Cotnoir, T.D. Wilkerson, M. Dombrowski, R.H. 

Kagann, C.L. Korb, G.K. Schwemmer, and H. Walden, "A 
Wavemeter for Use with a Line-Narrowed Alexandrite Laser 
in Differential Absorption Lidar," Proc. OSA Topical 
Meeting on Tunable Solid-State Lasers , Arlington, VA 
(May 1985). 

7. B.E. Grossmann, U.N. Singh, N.S. Higdon, L.J. Cotnoir, 
T.D. Wilkerson, and E.V. Browell, "Linewidth 
Characteristics of Raman-Shifted Dye Laser Output at 720 
nm and 940 nm," Proc, 13th International Laser Radar 
Conference , Toronto, Canada (August 1986). 

8. B.E. Grossmann, "Etude par spectroscopie d'absorption 

laser en regime continu et impulsionnel des molecules 
d'eau et d'oxygene: Applications aux sondage lasers de 

1 ' atmosphere ," Ph.D. thesis in Physics, l'Universite 
Pierre at Marie Curie (December 1984). 

9. K.J. Ritter and T.D. Wilkerson, "Strengths, Widths, and 
Pressure Shifts of Fifty Four Oxygen A-band Lines," 

Proc. 13th International Laser Radar Conference , 

Toronto, Canada (August 1986). 


82 











